I. INTRODUCTION
Due to the current rising increase of power electronics applications in industry, commerce, residences and practically everywhere, users have become very sensitive to voltage perturbations, among which voltage sag is the event of most concern. Voltage sag, as defined by several IEEE Standards, is a voltage reduction to less than 90 % and more than 10 % of the rated voltage value, having duration from ½ cycle to 1 or 3 minutes. Between 75 to 85 % of the users' complaints are due to perturbations that are rooted in voltage sags [1, 2] . It is a common mistake to consider that the voltage sag location can be determined simply by comparing voltage and current magnitudes recorded on one single location. It could be stated that if both voltage and current magnitudes decrease, the voltage sag would be located upstream of the measurement point, and if the voltage decreases whereas the current increases the origin of perturbation should be located downstream. That would be the case if the loads connected are passive or if during the perturbation loads are represented simply as constant impedances; the realworld situation is completely different [3] . The presence of transformers, induction motors, capacitors, faults (normally cannot be represented as constant impedance), etc., greatly modifies voltage sag characteristics. The combined system reactions create changes in voltage and current that masks the origin location [4] . Many researchers have been working on methodologies able to identify the type of perturbation using techniques such as artificial intelligence, neural networks, wavelet, etc. However, the problem of locating perturbation origin remains uncertain. It is expressed that the index of accuracy is approximately from 60 to 87.5 %, in spite of using as decisive information the result of the application of several rules. Besides, somewhere else another methodology accuracy is given by using very ambivalent expressions, such as "high degree of confidence", however it is indicated that future work is still necessary [5, 6, 7] . Today, assignment of liability is a crucial factor due to the economic losses involved in any voltage-sag event.
II. OBJECTIVE
The main objective of the present work is to develop a methodology that determines whether the voltage-sag origin is upstream or downstream of the single measuring point, in order to locate it within the electric utility or user systems when the measurement point is on the border between the two systems.
III. METHODOLOGY
The detection procedure is based on the traditional parameters plus the analysis of voltage and current phasejumps. Figures 1 and 2 show comparison between the presag and on-sag voltages and currents recorded at the supply location point, for a local industry suffering from singlephase, out-of-plant event generating a voltage reduction to 55 % in average. Industry supply voltage was 33 kV phaseto-phase. Practically no phase-jumps are detected on the voltage waveforms but are very noticeable on current waveforms. 
IV. ANALYTICAL RESULTS

Calculations
V. EXPERIMENTAL RESULTS
a. Industrial site
In order to verify the analytical results and the industry provided records a test series was carried out in the power test station of the Rio Cuarto National University (Argentine). The test rig was built in order to emulate a normal industrial system feeding circuit. Source supply impedance was represented by a series of two coils of suitable cross section having a power factor of 0.2. Voltage sag deepness was changed by modifying the ohmic value of a pure resistance which represents the fault. The tests series includes single-phase and three-phase faults, currents and voltage data for all the involved phases were recorded. Figures 6 and 7 show voltage phase jump differences for three-phase and single-phase faults on the up-stream and down-stream circuits, both for the same voltage sag magnitude, 83 % and 80 % respectively. Voltage phase jump differences were 41.4° and 45° for figures 6 and 7 respectively, which is big enough to permit the easy discrimination between upstream and downstream faults. For phase jump measurements only voltage oscillograms were used, because the current asymmetry introduce reading uncertain specially for short duration voltage sags, that are the most common industrial voltage sags. 
Time (seconds)
Exter nal
Inter nal Figure 6 , Voltage phase jump differences for a three-phase fault. 
b. Rio Cuarto University site
A three-phase short-circuit fault was produced at the Rio Cuarto University low voltage circuit, monitoring voltage and current at the low-voltage (220 V) and medium voltage (13.2 kV) sides, resulting a fault current of 6 kA, see Figure  8 . Figure 9 shows the voltage difference for the on-sag period, which is very low, approximately 8°, due to the high impedance value existing between the measuring point and the fault location. However, the phase jump is still of enough magnitude to determine if the fault position is up-stream or down-stream the measuring point. As a preliminary approach, some tests were done with an induction motor representing 80 % of the bus rated power connected to the data measurement point. Several test shots emulating single-phase and three-phase short-circuit faults were carried out aimed to initially determine the motor influence on the phase jump change. The effect seems to be small which would signify that the proposed methodology would keep the presented discriminating capability.
VI. CONCLUSIONS
Voltage sag phase-jump represents a useful tool to help in the discrimination whether the event is originated inside or outside of the facility under study.
